With the increasing use of advanced composites in a variety of modern applications, it has become necessary to employ reliable and effective nondestructive evaluation (NDE) methods to determine the integrity and service ability of structural composites. The use of ultrasonic techniques involving guided waves and contact type transducers can provide powerful characterization methods for composites. However, the wave phenomena associated with these methods are, in general, far more complex and less weIl understood than those associated with conventional techniques, based on longitudinal waves. Realization of the fuIl potential of these newer techniques will require a better understanding of the quantitative features of the wave phenomena than is available at present.
INTRODUCTION
With the increasing use of advanced composites in a variety of modern applications, it has become necessary to employ reliable and effective nondestructive evaluation (NDE) methods to determine the integrity and service ability of structural composites. The use of ultrasonic techniques involving guided waves and contact type transducers can provide powerful characterization methods for composites. However, the wave phenomena associated with these methods are, in general, far more complex and less weIl understood than those associated with conventional techniques, based on longitudinal waves. Realization of the fuIl potential of these newer techniques will require a better understanding of the quantitative features of the wave phenomena than is available at present.
In this paper we consider the problem of the response of a unidrectional composite plate to a concentrated dynamic surface load. To the authors' knowledge, the theoretical solution to the point load problem has not appeared in the literature to date, although the corresponding problem for the isotropie case has been solved [1, 2] . Two-dimensional models involving line loads on plates have been considered by Green and Baylis [3] among others. The formal solution of the three dimensional problem consisting of multilayered, angle-ply laminate subjected to spatially periodic distributed surface loads has been given by Mal [4] .
The composite is modeled as a transversely isotropie and dissipative medium as in [5] and a classical integral transform technique coupled with a matrix method is used to derive a formal solution of the problem in terms of wavenumber integrals in the frequency domain. The integrals involved in the spatial inverse transform are evaluated by me ans of an adaptive integration scheme and the resulting frequency spectra are inverted by FFT. Numerical results for the surface displacements are presented for several locations and for different time histories of the source.
THE SURFACE POINT LOAD PROBLEM
We introduce coordinate axes as shown in Fig The Fourier time transforms of the displacement and stress components, u/x,t), aix, t) are denoted by fl/x, w), 8ix, w). Then, under the assumption of initial rest, fl/x, w), 8ix, w) are solutions of the system
where the applied load f(t) is assumed to be concentrated at the origin on the top surface of the plate and j(w) is its Fourier time transform.
In order to obtain a formal solution of the resulting boundary-value problem in the frequency domain, we introduce double spatial Fourier transforms of flj(x, w) and 8ij(x, w) through Fig 
(4b)
Substitution from equations (4a, b) into (2) and (3) leads to a two-point boundary value problem of a system of ordinary differential equations for U/x;) which can in principle be solved. The surface displacement in the wavenumber domain can be expressed in the form
The Fourier time transformed displacements and stresses are given by the double integral expressions (4a, b).
(5)
There are two remaining tasks in the calculation of the elastodynamic field. One is the evaluation of the double integrals for a suite of values of w to obtain the frequency spectra of the displacement, and the other is Fourier inversion to calculate their time histories. Of these the first task is the most difficult, since the integrand has a number of undesirable features which introduce a variety of problems in the evaluation of the integrals. Once the double integral is eValuated, the resulting spectra can be inverted by the highly efficient FFT in a straightforward manner, for realistic forms of the force-time history, f(t).
NUMERICAL RESULTS
The typical wavenumber integral representation of the surface displacement is of the form The function g is obtained from matrix computations as described above and has oscillations and spikes inside the integration domain. An adaptive surface-fitting algorithm has been developed to evaluate the wavenumber integral, the details of this can be found in [6] .
In all of the calculations presented here the source function is assumed to be the delayed sine pulse of time duration r,
Results are presented for the normal component of the surface displacement at different distances from the source and for different orientation angles, f/>.
The frequency spectra and time histories of the normal surface displacement for a 1 mm thick plate are shown in Fig. 2 for r = 1 /-LS. It can be seen that the spectra become very small beyond 3 MHz and the major contribution to the surface displacement comes from the antisymmetric guided waves which have different propagation speeds along different directions. The spectra contain local peaks around f = 1.485 MHz, associated with the first cut-off frequency and this introduces the high frequency components in the time histories. The pulse shape is significantly distorted due to the interaction of the waves with the free surfaces of the plate and the surface material comes to rest gradually after the passage of the main pulse. The time histories at different field points on the surface of the 1 mm thick plate for T = 1 jJ.s. are plotted in Fig. 3 . The figure again shows the strong contribution of the plate-guided waves to the surface motion at all the field points. The high frequency motion associated with the cutoff frequency can be seen to be present everywhere; its influence is stronger for propagation away from the fiber direction.
Finally, the results obtained from the approximate plate bending theory are compared with the exact results in Figs. 4 and 5 for propagation at 45° to the fibers and for T = 2 and 10 jJ.s. The approximate results consist of dispersive flexural waves. The flextural wave speed from elassical plate theory is 0(f1/2) near f = 0 and diverges from the exact theory when the frequency increases. Thus, the approximate curves always overestimate the phase velocity. In Fig. 4 , where T = 2 jJ.S, the flexural wave can be seen to arrive much earlier than the first wave arrival predicted from the exact theory. For T = 10 jJ.S (Fig. 5) , the time histories are eloser as expected since lower frequencies dominate the response in this case. When the loading time is longer the spectra calculated by the two methods are almost identical at frequencies less than .1 MHz. The pulse shapes calculated from the two approaches are quite elose for larger values of T, but the pulses gradually separate as the distance from the source increases due to the overestimate in the flexural wave speed in the approximate theory. In general, the spectra calculated from the elassical plate theory are elose to those from the exact theory only when the frequency is very small, and the time histories are elose only when time is large. These results underscore the limitations of the thin plate approximation.
CONCLUDING REMARKS
The proposed multiple transform technique appears to work weIl and yields accurate surface displacements for the simple three-dimensional point load problem of the plate composed of graphitejepoxy. The technique can be applied to more realistic multilayered models of the plate in a straightforward manner. Although the associated numerical codes are CPU-intensive, they are much more efficient than other available codes for the analysis of threedimensional models. The codes are currently being extended to deal with problems involving angle-ply laminates subjected to a variety of surface and subsurface loads. Figure 5 . Same as Fig. 4 for T = 10 !-,S.
